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By mimicking the electron donor side of Photosystem II (PS II), we have synthesised and

characterized supramolecular model systems in which manganese complexes and tyrosine are

electron donors. The donors have been covalently linked to a photosensitizer, ruthenium(II) tris-

bipyridyl complex, that plays the role of chlorophylls P680 in PS II. It has been demonstrated that, in

the presence of an external electron acceptor in solution, such systems can undergo an

intermolecular electron transfer from the photoexcited state of Ru(II) to the acceptor, followed by a

subsequent intramolecular electron transfer from the co-ordinated Mn complexes or tyrosine unit to

the photogenerated Ru(III), leading to oxidation of Mn complexes or generation of tyrosine radical

and regenerating Ru(II). This process is closely mimicking the photoevents on the donor side of PS

II. So far, three-step photoinduced electron transfers have been demonstrated.
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   Fabrication of very-thin molecular assemblies in which a photoredox pair is elaborately arranged

on the electrode surface at molecular levels is one of the promising methods for designing highly-

efficient photoelectric conversion systems.   How to reduce the reverse electron-transfer in the

photoredox pair is an important key for improving the photocurrent efficiency.   The present study

describes photochemical and photoelectrochemical properties of a ruthenium tris (2,2’-bipyridine)

(Ru)-viologen (V) 1:2 linked disulfide intended for reducing the reverse electron-transfer in the self-

assembled monolayer (SAM) on the electrode

   The 1:2 linked compound (RuC V2C S) was prepared in our laboratory in a similar manner as the

coresponding 1:1 linked compound (RuC VC S) and the ruthenium compound without the viologen

moiety (RuC S).   Cyclic voltammetric measurements suggested no electronic interactions between

the Ru and the V moieties in the both linked compounds.   Luminescence intensities of the three

compounds in solution were in the order of RuC S > RuC VC S >> RuC V2C S, indicating efficient

electron-transfer quenching in the 1:2 compound in the photoexcited state of the Ru moiety.

   Photocurrent measurements were carried out with a three electrode cell: the modified electrode, a

platinum counter electrode, and a Ag/AgCl (3M NaCl) reference electrode.   The light from a

Xenon lamp (300 W) was passed through a monochromator and irradiated the modified electrode.

The photocurrent action spectrum of the RuC V2C S /Au electrode in the presence of 0.01 M

triethanolamine (TEOA) had a broad band at ∼400 C ∼ 500 nm , characteristic of the electronic

absorption band of the Ru moiety as in the case of the RuC VC S/Au electrode [1, 2].   Thus the Ru

moiety acts as a photoactive site.   The  efficiency of photocurrents was higher for the RuC V2C S

/Au electrode, if the comparison was made in terms of the identical concentration of the Ru moiety.

The results suggest that the two viologen moieties cooperate for the enhanced photocurrent

efficiency in the SAM. Detailed studies on the photocurrent mechanism are underway.

[1] S. Yamada, Y. Koide, T. Matsuo, J. Electroanal. Chem., 426, 23 (1997).
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Alexander G. Volkov

Department of Chemistry, Oakwood College, Huntsville, Alabama 35896, U.S.A.

The amount of solar energy incident on the Earth is about 5•1021 kJ per year, of which 3•1018

kJ is converted into chemical energy by photosynthesis in plants and microorganisms. This light energy
is harvested by photosynthetic pigment systems in which the electronic structure of excited-state
chlorophyll donates an electron to a primary acceptor pheophytin, the first component of an electron
transport chain.  The electron carries with it the energy of the original photon of light that was
absorbed, and in the process of electron transport the energy is captured in two ways [1]. The first
involves coupling a proton pump mechanism coupled to the sequential redox reactions in one part of
the electron transport chain, so that a proton gradient is established across the thylakoid membrane.
The electrochemical energy of the proton gradient is then used to drive ATP synthesis by the ATP
synthase enzymes embedded in the membrane. The second energy capture occurs when an acceptor
molecule such as NADP is reduced to NADPH, which in turn is used to reduce carbon dioxide in the
Calvin cycle. Systems modeling photosynthesis should have the capability of carrying out relatively
simple versions of these fundamental reactions.

The interface between two immiscible liquids with immobilized photosynthetic pigments can
serve as a convenient model for investigating photoprocesses that are accompanied by spatial
separation of charges [1-4]. The efficiency of charge separation defines the quantum yield of any
photochemical reaction. Heterogeneous systems will be most effective in this regard, where the
oxidants and the reductants are either in different phases or sterically separated. Different solubilities of
the substrates and reaction products in the two phases of heterogeneous systems can alter the redox
potential of reactants, making it possible to carry out reactions that cannot be performed in a
homogeneous phase.

Four types of artificial photosynthetic reactions at the oil/water interface were studied in our
research group: (1) Photoredox reactions at the interface between two immiscible liquids; (2)
Phototransfer of ions or electrons across or along oil/water interfaces; (3) Photochemical reactions in
one phase following extraction of products in two different phases; (4) Coupled photochemical and
redox reactions.

The present work focuses on electrochemical mechanisms of photocatalytic systems at the
oil/water interface. In order to provide a biological perspective, we will first describe the charge
transfer processes that occur at liquid/liquid interfaces in green plants.
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Recently it has been shown that bilayer junctions of a  p-type conducting polymer and a smooth thin
layer of TiO2 are potential candidates to function in solid state solar cells [1,2]. In such a device the
polymer functions both as the antenna / electron injection layer as well as the conducting layer for the
hole transport. One of the factors that is limiting the efficiency of such a construction is the exciton
diffusion length in the polymer layer which determines to what extent the excitation energy  will
migrate to  the photoactive interface. In this work the exciton diffusion length of several polymers is
investigated in more detail by recording steady-state  (intensity modulated) action spectra of the photo-
conductivity of several polymer-TiO2 bilayer junctions. By modeling  the efficiency and wavelength
dependence upon illumination directly into the photoactive interface (from the side of the TiO2) and
upon illumination from the side of the polymer a careful determination of the exciton diffusion length
and the wavelength dependence of the electron injection efficiency of several polymer and other antenna
molecules will be determined. The conductivity is detected via the so-called microwave conductivity
technique, which has the advantage that it is not necessary to connect metal electrodes to the sample.

1 ]  Savenije TJ, Vermeulen JW, de Haas, MP, Warman, JM (2000) Contactless determination of the
efficiency of interfactial charge separation in a TiO2 / phenylene vinylene polymer junction. Sol. Energ.
Mat. and Sol. Cell 61, 9.
2]  Savenije, TJ, Warman, JM, Goosens (1999) Visible light sensitisation of titanium dioxide using a
phenylene vinylene polymer. Chem. Phys. Lett. 287,148.





W2 Biomimetic Photochemistry

NMR-spectroscopy as a direct method to identify the localization of the paramagnetic forms

of reversible electron carriers in the lipid bilayer: study of the localization of cetylviologen

cation-radical in the suspensions of lipid vesicles
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Identification of spatial localization of the individual components of electron-transport chains in

natural and artificial bilayer membranes is of principal importance for study of mechanisms of many

primary redox biological processes as well as for elaboration of biomimetic systems, for example,

those modeling natural photosynthesis. The known direct methods of determination of such

localization of namely functional molecules are usually very laborious. Therefore, for providing such

studies in practice instead of these molecules theirs analogs or special molecules-labels (for example,

paramagnetic spin-labels, etc.) are often used.

We have found that for paramagnetic forms of reversible electron carriers, the NMR-

spectroscopy allows receiving a direct information on their localization, because the paramagnetic

lipophilic electron carriers influence selectively the 1H NMR spectra of the molecules constitutive the

bilayer lipid membranes.

The capacity of the NMR method has been tested on an example of the widely used lipophilic

electron carrier cetylviologen (N,N’-dihexadecyl-4,4’-dipyridinim dibromide). It was established [1]

that the paramagnetic cation-radical of cetylviologen influences mostly the signal of the 1H NMR

spectra of the -N+(CH3)3, which are localized on the surface of the vesicle membrane, while all other

NMR signals of the lipid remain unchanged. A remarkable change in the  width of this signal

corresponds to localization of the radical paramagnetic center (i.e. of the aromatic groups of the

electron carriers) on the surface of the vesicle membrane and to a fast lateral diffusion of the lipid

molecules around the radical.

Reference:



W2 Biomimetic Photochemistry

Photochemical activity of CdS nanoparticles, made from lipophilic cadmium complexes, in the

process of electron phototransfer through the lipid vesicle membranes
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The importance of solar energy conversion and storage has prompted the vigorous investigation

of photoinduced transmembrane electron transfer in artificial model systems such as unilamellar vesicles.

The existent models are yet not as efficient as natural photosynthesis due to the failure in design of an

efficient electron transfer chain across the bilayer lipid membrane [1]. The spatial organization of the

semiconductor nanoparticles driven electron-transport chains in these models might be improved upon

using the lipophilic cadmium complexes (dithiocarbamates, xantogenates and so on) which can serve as

precursors of cluster cadmium sulfide nanostructures. These complexes can be built in the lipid bilayer

membrane due to their lipophilic properties, that allows to deep generated from the nanoparticles of a

cadmium sulfide in lipid bilayer membrane.

Moreover, the usage of the presynthesized cluster cadmium sulfide compounds allows to avoid

the step of injection of the free sulfides anions into the system which is necessary at common methods

of synthesis of the CdS nanoparticles. This is of a serious importance for studying the mechanism of the

photoinduced electron transference, since in this case there is no excess of sulfide anions, which can

provide a “dark” reduction of the electron carriers.

The nature of the CdS precursors influences substantially the size of the generated sulfide

particles and their size distribution, as well as some sufficient parameters of lipid vesicles, in particular,

their stability and sizes.

The preferential places of cluster cadmium sulfide nanostructures localization seem to be the

outside surfaces of the lipid membrane vesicles.

We exanimated the photochemical activity of the synthesized CdS clusters. In particular, is was

detected, that usage of the hydrophylic electron donors as well as of hydrophylic electron carriers

enlarges the quantum yield of photogeneration of the reduced forms of electron carriers, for example,

methylviologen, as contrasted to cethylviologen.
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Energy and Electron Transfer in Bichromophoric Molecules: The Effect
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The dependence of the rate of singlet excitation transfer on the donor-acceptor energy gap
was investigated in bichromophoric spiranes with symmetry forbidden zero-order
electronic coupling.  The fluorescence measurements were performed in a supersonic jet in
order to avoid collisional and inhomogenous line broadening. Although the transition
moments of the linked chromophores are rigorously perpendicular, and the exchange
coupling between the υ' = 0 states is computationally shown to be zero, all spiranes with
energy gaps larger than ~1000 cm-1 exhibited complete electronic energy transfer from all
vibrational states of the electronically excited donor, including the undistorted υ = 0 state.
This behavior is explained in terms of vibronic coupling between the sparse states of the
donor and the dense manifold (pseudo-continuum) of the acceptor states.  The electronic
energy transfer was sufficiently fast to result in measurable lifetime broadening of the
donor lines, from which the kEET was estimated.  Only at the bottom of the vibrational
manifold of nearly degenerate spiranes (energy gaps smaller than 200 cm-1) strict MO
symmetry control of excitation transfer was observed.

MO symmetry forbidden photoinduced electron transfer was studied in solution in suitably
substituted donor-acceptor spirobifluorenes.  Similarly as in the gas phase, rapid transfer
rates and strong vibronic coupling (effective VDA ≈ 200 cm-1) were observed.  The results
demonstrate that the zero-order picture severely overestimates the degree of the molecular
orbital symmetry control over electronic energy transfer and charge transfer rates, and that
at sufficiently high driving forces the vibronically mediated "symmetry forbidden"
electronic energy transfer can be very rapid (~1×1012 s-1).

The results of the most recent extension of this work, which involves novel donor-
acceptor systems linked by a heteroatom in the spiro- position ( >Si<, >Ge< and >Sn<),
will be also discussed.
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Possible Ligand Exchange in the Mangenese Cluster of  Synthesized “PSII”

Model Systems.
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In our work which is part of the E.C. subsidized TMR program “Ru-Mn Artificial

Photosynthesis” we try to synthesize complexes that mimic the function of PSII. The

main motivation for this research is that we

want to oxidize water, driven by light energy,

and use the liberated electrons to produce

reduced fuels, e.g. hydrogen. On this poster we

will focus on the manganese part (the putative

water splitting complex) of our model

complexes.

Using cw-EPR we studied the light-induced

oxidation of a synthesized ManganeseII-II dimer

both in an inter- and intra-molecular system using a Ruthenium complex as the

photosensitizer (the primary donor of our model systems). In both cases we observe

the stepwise oxidation of the ManganeseII-II dimer up to a MnIII-IV mixed valence state.

Work on this is presented in the poster of Ping Huang-Kenez.

On this poster we will present experiments that indicate ligand exchange at our

Manganese cluster. That is, the possible reversible exchange of the mu-aceto bridges

for co-ordinated water resulting in the loss of the weak anti-ferromagnetic coupling

between the two Manganeses within the MnII-II dimer. This ligand exchange is

thought to stabilize the higher oxidation states of the Manganese dimer and is a

prerequisite for the putative water splitting capacity of the complex.
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